Key words: electrospun nanofibres non-woven fabrics; G-P algorithm； image thinning; the diameter distribution; correlation fractal dimension. Abstract: In this paper, samples are first designed and made based on the orthogonal experiment law. Afterward, image gray processing and image binarization processing are performed on the electrospun nanofibres non-woven fabrics image that is captured by the electron microscope through digital picture processing technique, and then is refined with fiber structure through the image thinning algorithm and the diameter distribution of the simple can be obtained through calculating the average diameter of the fabric distributed in various position. Subsequently, the mathematical treatment is performed to the sample's diameter distribution. G-P algorithm is used to calculate the correlation fractal dimension of the diameter distribution. After acquired with fractal dimension, the mapping relation between the fractal dimension and physical properties of filtration efficiency can be verified through the analysis of numerical relation between the fractal feature of electrospun nanofiber nonwoven fabric and the properties of filtration efficiency, which furthermore provides another scale to the evaluation of the electrostatic spinning nano fiber non-woven cloth.
Introduction and Preliminary
With the rapid development of nano technology, the more and more attention is obtained from the people on the electrospun nanofibres non-woven fabrics, especially for its unique property. However, as its structure is very complex and irregular, the use of fractal theory provides a predictable research direction [1] [2] [3] . In this paper, the electrospun nanofibres non-woven fabrics image that is captured by the electron microscope through digital picture processing technique is treated through digital image processing technology (Visual C++ and Matlab program), and then we use the method of mathematical morphology to calculate the diameter distribution of electrospun nanofibres and calculate the fractal dimension [6] of electrospun nanofibres according to fractal theory. In comparison with the physical property of corresponding electrospun nanofibres non-woven fabrics, we determine the relationship between fractal dimension and physical property, which also provide the characterization data for study of electrospun nanofibres non-woven fabrics.
Regarding study of non-woven fabrics fractal properties, with study by box dimension method on fractal property of melt-blown nonwoven fabric, we acquire a series of valuable conclusions [1] [2] [3] . However, as the obvious fiber distribution of electrospun nanofibres non-woven fabrics, it is evidently not appropriate to use the box dimension. To the characteristics of electrospun nanofibres non-woven fabrics, this paper adopts a new dimension, called as the correlation dimension, which is often used to research dynamic system. To the electrospun nanofibres non-woven fabrics' chaotic characteristics of fiber texture distribution, by the correlation dimension, we explore the fractal property of electrospun nanofibres non-woven fabrics by correlation dimension and its relevance with its filterability and filter efficiency physical property.
In 1983, Grassberber and Procaccia suggested G-P algorithm to define and calculate the correlation dimension.
G-P algorithm: Firstly, assuming the sequence
L
, we recombinant a vector space of M dimension with N vectors.
is a cumulative distribution function, which reflects the probability of distance between the two points therefore
For certain an appropriate range ofδ , dimension of dynamic system and cumulative distribution functions should meet the logarithm linear relationship, hence for that smaller than 1 δ and 2 δ , then as:
On both sides of the logarithm, max 2 2 2 max
As a result,
is the slope of double logarithm curve
, and we can get the slope of the curve by fitting, thereby estimate the value of
In the process of
calculation, it is very important to choose an appropriate value of M. Usually, we adopt the saturated correlation dimension method to determine the value of M, namely that is choose different value of M from small to large. When
has no large change any more as the increase of value of M, it can choose the value of M at this moment as embedding dimension. Then in process of change, we can obtain a series of value, select the most stable part of linear fitting, and get the correlation dimension
Diameter measure: For regular object, its width can be measured by principle of similarity theory. As shown in Fig.1，according to the triangle similarity theory, the formula as below:
So its width is:
For the width measurement of similar regular object, the method mentioned above also can be used, but it is more complicate to implementation, especially for so many objects between which even appear overlapped. In this paper, the method we measure similar regular objects width refers to the object thinning rotation covered original image method. This method is theoretically based on the culculas principle.
Fig.2 The graph rotation intersect
As shown in Fig.2，there 
. Therefore as object bend is so small, the certain a width of object can be approximately expressed by intersect width center line rotation at this place and object edge. Its implementation effect can be shown in fig.3 . In this paper, because of a great deal of diameter measure, we conduct the measure by the method shown in the figure, which improves the measure efficiency, and can perform the measure by selecting the appropriate position.
Algorithm of Diameter Measure:
Step 1: Choose one base line, which passes through all fibers across the base line from left to right, and summarize the left and the right cross points of each fiber at the same time;
Step 2: Take the center point of left point and right point connection line of each fiber as the center of the square, use the length of connection line as the length of square to make a square, in which, two edges of square should be parallel with the base line.
Step 3: Choose the position corresponding to this thinned image and rotate is at 90°ccw, the rotated square thinned image is intersected with the corresponding points of original image;
Step 4: There would be two cross points after intersection, between which the distance refers to the width of fiber; the width value can be calculated through the distance formula.
Algorithm diagram can be shown in Figure 4 . 
Experiments and digital image acquisition
In order to study the property of electrospun nanofibres non-woven fabrics, we make sample with experimental materials PVA on automatic electrostatic spinning machine DXES-01. There are 5 process parameters to influence electrospun nanofibres non-woven fabrics, there are respectively: time is 90 minutes, Concentration is 14%, 15%, 16%, 17%, 18%; distance(cm) is 11, 13, 15, 17, 19; voltage(kv) is 10, 15, 20, 25, 26 and the solution filling rate(ml/h) is 0.5, 0.7, 1, 1.2, 1.5. Therefore, in order to obtain more experimental data without too many experiment times, we adopt the mathematic method of orthogonal experimental design. According to the orthogonal table of and only four factors related to this problem, we use only its first four columns to design the orthogonal table and measure out each sample's resistance and filter efficiency through the TSI8130 automatic filter tester. In the paper, the study data refers to the electrospun nanofibres pictures obtained by the desktop scanning electron microscope TM-1000 of Textile College of Tianjin Polytechnic University; Samples' bmp pictures as below: Fig. 5 The experimental sample pictures Digital images is mainly described by pixel, and all digital images are composed of serveral pixels. Pixel in the digital image is generally represented by many values that usually include three primary colors of RGB and four values of transparency. But each pixel of grey image is only indicated by one value, and each pixel value is in the range from 0 to 255. It is very much conveient to study this image because it has only one value at every point, therefore it is widely used in the digital image processing.
For gray level image, the each pixel just has only one numerical value, and the value is between 0 and 255, therefore it is not convienent to acquire its overall numerial characteristics. According to the characteristics of grey image, we choose the proper threshold value for binaryzation, and then we averagely take 53 different positions in each image according to pixel, measure the diameter of each fiber on the strainge line corrresponding to the pixel, and then calculate the average diameter. With this data, as a basic data of dynamic system, by the G-P algorithm, we can calculate the correlation dimension of all samples. 
Digital image thinning, diameter distribution
Digital image thinning processing would need the knowledge of mathematical morphology [2] , Mathematical morphology is based on the set theory, and generally uses the structural elements with some morphological structure, by constantly moving structure element and making a convolution computation to process. The structural element is set as well, the small template for logic judgment; we performed logic judgment by establishing some logical rules. Now the fiber distribution study is performed on all samples. Take 8# sample as example, the original image is performed with gray scale image processing, image intensification, image binarization, image denoising, and image thinning, to calculate the diameter distribution with the thinning images and binary images, determine the diameter of each fiber corresponding to the straight line from every 10 pixels from 210 to 760 vertical pixels, and calculate the average value after remove the diameter of the exceptional diameter (For example, the numerical data at the intersection may be relatively large, it would be deleted) it calculates the average value to obtain diameter distribution:
22 For each sample through determination of VC++, it can obtain the fiber diameters corresponding to the different positions as shown in the figure above, which is called as the sample's diameter distribution and is regarded as basic data. After study their fractal dimension according to the indication in the section one, the option of M value is important in the determination of correlation dimension, therefore we use Matlab to compile the programe, respectively choose M=5, 10, 15, 20, 25, 30, 35, 40, and then observe the change of double logarithmic curve, afterward, choose the suited M value, at this moment, the double logarithmic curves had a relative wide linear range, the sample can be considered to have fractural structure. Therefore, the fractal dimension could be calculated by linear fitting in the range by Matlab. After other samples are calculated in turn, it can obtain other samples' relevant fractal dimension. Because of the sample, 6# and 17# appear the obvious deivation, these two samples would not be considered in the samples from 1 to 25. 
Study of the diameter distribution and filter efficiency physical property of electrospun nanofibres
As electrospun nanofiber diameter distribution is too complex and unordered, the paper adopts the fractal theory to conduct study. Because the diameter distribution of fiber is caused by the dynamical system, it takes the correlation dimension commonly used in the dynamical system into the consideration. 23 samples' correlation dimension sees Correlation coefficient check, table-checking 1%, n-2=21, critical value of 0.526 and r=10.3705, suggesting a significant relation, as shown in figure 10. Above all, we come out the conclusion that there is a linear relationship between the filtration efficiency of electrospun nanfiber nonwoven fabric and its relevant fractal dimension, namely when the higher the filter efficiency is, the smaller the fractal dimension is. This conclusion keeps the consistent with our usual thought, which also provides a new way to study the the properties of electrospun nanofiber nonwoven fabrics by fractual method.
